a b s t r a c t N-[2-(benzylamino)phenyl]benzenesulfonamide derivatives (1-6) were successfully synthesized by the reaction of imine ligands derived from various N-(2-aminophenyl)benzenesulfonamides and NaBH 4 . Then, a series of N-coordinate Ru(II) arene complexes 7-12 were prepared from the reaction of [RuCl 2 (p-cymene)] 2 with 1-6. The synthesized compounds were characterized by different methods such as NMR, FT-IR, and elemental analysis. 7-12 were used as catalysts for the transfer hydrogenation (TH) of ketones. At the same time, the effect of various bases such as NaOH, KOH, KOBu t and Et 3 N as organic base were investigated in TH of ketones by 2-propanol as the hydrogen source. 7-12 showed good catalytic activity and so the effects of the different groups were also examined. Crown
Introduction
In general, sulfonamides are obtained from the reaction of sulfonyl chloride with primary or secondary amines in alkaline [1] . The sulfonamides and their derivatives have attracted the interest of many researchers due to their importance in the development of coordination chemistry, their application in medicinal chemistry, catalytic fields, etc. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . For example, metal complexes containing sulfonamide ligands have been used as catalysts in different organic reactions [19] [20] [21] [22] [23] [24] [25] [26] .
The transfer hydrogenation (TH) of ketones catalyzed by Ru(II) complexes bearing N-donor ligands has been attracting more and more attention from the catalysis community [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] since the success of Noyori's catalyst, bearing 1,2-diamine ligands [39] . After Noyori et al., researchers, many derivatives of Ru(II) complexes containing N-donor ligands have aimed to identify a good Ru(II) catalyst for the TH of ketones. Hereof, ligand groups which have Ru(II) complexes with unique catalytic activity are sulfonamides.
Otherwise, Schiff base and reduced Schiff base compounds are also receiving more and more attention in the fields of polymeric complexes, coordination chemistry, magnetic properties, optical property, thermal decomposition, medicinal chemistry, catalyst chemistry, etc. . In addition, palladium complexes bearing diamine and diimine were used as catalyst for Suzuki Cross-Coupling [70] . Further, the TH of acetophenone was carried out by ruthenium(II) complexes of reduced Schiff base ligands. The Ru(II) complexes were found as active catalyst [71] . N-heterocyclic carbene (NHC) ligands derivatives from reduced Schiff base ligands have been synthesized. Then, a series of Ru(II) complexes were prepared with the NHC ligands. The complexes were used for the catalytic transfer hydrogenation of aromatic ketones, recently [72] .
In this place, a series of neutral Ru(II) arene complexes derived from reduced imine ligands bearing aromatic sulfonamide were synthesized and characterized by various spectroscopic techniques. 7-12 were used as catalysts for the TH of p-substituent acetophenone derivative. The synthesis procedure of ligands 1-6 and complexes 7-12 are simple and does not require an inert atmosphere and it can be carried out in at mild-temperatures.
Experimental

Materials and methods
All reagents and solvents were obtained from commercial suppliers and used without any additional purification. NMR spectra were recorded at 297 K on a Bruker 400 NMR spectrometer at 400 MHz ( 1 H) and 100.56 MHz ( 13 C). The NMR studies were carried out in high-quality 5 mm NMR tubes. Signals are quoted in parts per million as d downfield from tetramethylsilane (d 0.00) as an internal standard. Coupling constants (J-values) are given in hertz. NMR multiplicities are abbreviated as follows: br = broad, s = singlet, d = doublet, t = triplet, m = multiplet signal. The C, H, and N analyses were performed using a Truspec MICRO (LECO) instrument. Infrared spectra were measured with a Perkin-Elmer Spectrum 400 FTIR system and recorded using a universal ATR sampling accessory within the range 550-4000 cm À1 . Melting points were determined in open capillary tubes on a digital Electrothermal 9100 melting point apparatus. GC measurements for catalytic experiments were performed using a Younglin Acme 6100 GC instrument with a flame ionization detector and an Optima 5MS capillary column (The GC parameters were as follows: oven: 80°C (isothermal); Carrier gas: H 2 (Split ratio 15:1); Flow rate: 4 mL/min; injector port temperature: 220°C; Detector temperature: 280°C; Injection volume: 6.0 lL).
2.2.
General procedure for the synthesis of 1-6 N-(2-aminophenyl)benzenesulfonamides and the Schiff base derivatives of those compounds were prepared in accordance with the published procedure [73a-c] . Solid sodium borohydride (0.2 mmol) was added slowly to a solution of N-[2-(benzylamino)phenyl]benzenesulfonamide derivatives (0.2 mmol) in methanol (10 ml). The solution was stirred at ambient temperature for a period of 12 h. The volatiles were removed under reduced pressure. The residue was dissolved in DCM (20 ml) and washed with H 2 O (3 Â 50 ml) at room temperature. The organic layer was separated and dried over anhydrous MgSO 4 , filtered, and concentrated to half of its volume under reduced pressure. The solution was saturated with diethyl ether and left in the refrigerator for crystallization. Gradually, a microcrystalline product separated, which was filtered off, and dried in vacuo (Fig. 1 
General procedure for the synthesis of 7-12
A solution of 1-6 (0.50 mmol) in methyl alcohol (5 ml) was added to a solution of [RuCl 2 (p-cymene)] 2 (0.25 mmol) in methyl alcohol (5 ml) in a Schlenk tube. The reaction mixture was stirred for 12 h. The volatiles were removed under reduced pressure. The residue was washed with diethyl ether (20 ml) and dried under vacuum. The desired products were recrystallized in MeOH and black-colored microcrystals were obtained (Fig. 2) . 
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General procedure for the transfer hydrogenation reaction
In a typical experiment, 0.01 mmol of [(p-cymene)RuLCl 2 ], 1 mmol of acetophenone and 10 mmol of KOH were refluxed at 80°C in 2-propanol (20 ml) as a hydrogen source. After the mixture was cooled to room temperature, one-fourth of the 2-propanol were removed under reduced pressure (not dried). The residues were diluted with diethyl ether (5 ml) and filtered from a mini-column. The purity of the compounds was checked by GC. The yields obtained were related to the residual unreacted acetophenone. The reactions were conducted at a (S/C/base) molar ratio of 1:0.01:10.
Results and discussion
The synthesis and reaction routes of the Ru(II) complexes are presented in Fig. 2 . The synthesized compounds were characterized by 1 H NMR, 13 C NMR and IR spectroscopy techniques.
1-6 were obtained by the reaction of N-[2-(benzylamino)phenyl]benzenesulfonamide with solid sodium borohydride in methyl alcohol. Then, the novel ruthenium complexes (7) (8) (9) (10) (11) (12) were synthesized by the reaction of 1-6 with [RuCl 2 (p-cymene)] 2 in methyl alcohol. Moreover, [(p-cymene)RuLCl 2 ] (7-12) were used as catalysts for the TH of acetophenone derivatives. Fig. S1 as supplementary material.
NMR spectra
Catalytic studies
Catalytic studies with 7-12 were performed for the TH of acetophenone to give phenylethanol in the presence of base by 2-propanol as a hydrogen source ( Table 1 ). The reaction conditions for this important process are economic, relatively mild and environmentally friendly. The volatile acetone product can also be easily removed to shift an unfavorable equilibrium. As the starting point, the performances of the catalysts in the transfer hydrogenation were screened by using acetophenone as a model substrate.
In the transfer hydrogenation reaction, the base facilitates the formation of ruthenium alkoxide by abstracting proton from the alcohol and subsequently alkoxide undergoes b-elimination to give ruthenium hydride, which is an active species in this reaction. Since the base facilitates the formation of ruthenium alkoxide by abstracting the proton from isopropanol, different bases were used as promoters in the transfer hydrogenation of ketones. Acetophenone was kept as a test substrate and allowed it to react in isopropanol with catalytic quantities of complexes 7-12 in the presence of different bases like KOH, NaOH, Et 3 N and KOBu t . It has been observed that NaOH and KOH have good conversion when compared to Et 3 N and KOBu t in TH reactions.
The stronger the base the higher the general conversion rankings, KOH > NaOH > KOBu t > Et 3 N. As in previous studies the best results were obtained with KOH [37, 72] . Hence, it is decided that base KOH is the best compromise for optimum reaction rate in isopropanol and reaches 98% conversion for acetophenone within 30 min (Table 1 ). In the absence of a base no TH of the ketones was observed. Further, the effect of KOH was investigated in different concentration (10, 1, 0.1 mmol) (Table 1) . Moreover, in the absence of catalyst TH of acetophenone with 10 mmol KOH was observed as only 16% conversion at 2 h. A few of p-substituent acetophenone derivatives were transformed to the corresponding secondary alcohols. Typical results are shown in Table 2 . Under these conditions p-methoxyacetophenone and p-chloroacetophenone react very cleanly and in good yields with 2-propanol (Table 2, entries [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . The presence of electron withdrawing (Cl) or electron donating (OCH 3 ) substituents on acetophenone has a significant effect on the reduction of ketones to their corresponding alcohols. The maximum conversion of 4-chloroacetophenone to corresponding alcohol was achieved over a period of 30 min. (Table 2 , entries [13] [14] [15] [16] [17] [18] [19] [20] . The effect of catalyst concentration was also investigated (Table 2 , entries 19, 20) . Among the tested complexes, the complex 12 is highly efficient in the transfer hydrogenation of ketone to secondary alcohol. All the experiments were carried out in an air atmosphere. This indicates that air is not involved in the TH process and arene ruthenium(II) complexes are air-stable.
Conclusion
In epitome, we have reported the preparation and characterization of aryl sulfonamide ligands (1-6), neutral sulfonamide-Ru(II) complexes (7-12) and their catalytic activities for the TH of acetophenone derivatives by using 2-propanol in the presence of base. The procedure is simple and efficient towards various aryl ketones. Although all of the complexes are active catalysts for the TH of ketones, conversion was not screened with an organic base such as Et 3 N. Ru(II) arene complexes was observed more efficient catalysts for electron-withdrawing substituent -Cl on the para position of aryl ring of the ketones. Furthermore, the presence of electronwithdrawing group on the sulfonamide-ring has a beneficial effect. Consequently, complex 12 was observed the most active complex (turnover frequency value: 840 h À1 molar ratio S/C: 1000/1). When examined to TH of Ru(II) arene complexes in the literature, it is seen that catalysts used in this study have been an passable efficiency in the TH [74] [75] [76] [77] [78] [79] .
